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© Built-in self-test network. 

Sn^ 0 ' °l the Se ' f l esting of a plura,it y of elemen * d2: - I2 m ). each having a Built-in. Self-Test (BIST) 
2^ 7r2? artangedin °™ 0r more 9 roups < 14 < - 14 ">< * carried out by a network (16) of one or more 
ZTn of i r , eS ° U ? mterfaCe COntr0 " erS (SBR,CS 181 ' ^ Each SBRIC in th * n ^ork controls the self- 
21p 9 n,c 7? J" 3 ° ne ° f the 9r0UpS in sequence b * broadcasting a test command to the 

elements m para lei wh.ch, in response, generate test signatures stored by the SBRIC. The SBRICs in the 

rT°? 7 H °? upled ,n series in dais V chain fashi °n to enable the test signatures stored by the SBRICs to be 
concatenated for easy retrieval by shirting out the test signatures therefrom, using a technique such as boundary 
scan. ' 
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This invention relates to a network ann * 
more se.f-testing e.ements within a7gldrcu!t 0P8rat, ° n " * C ° r ' tr0 " in9 *• ,8Stin9 of ^ c 

Background of the Invention 

*^^1£^fZZ^^ -ays of circuit elements (RAMs, ROMs CAMs 
o The increasing density^ modern ^SS^T^S^ ° t0 inCre3Sed ^ ' UnCti0na,U > 

with conventiona. externa, t^SSlS^^^T^^ °' ^ ^ ^ 

devoted to designing individual Tcircurt elLS J u^** ^"^"^'y- ™<* effort has bee, 

(VLs7cir p c~ :r 0 : e r Satr^rr ^ wmna ^ ^ 4*- 

a variety of B.ST'd elements *at T e^K d,ffi . CU '* * teston 9- ^ testing of a VLSI circuit incorpolatinc 
within the circuit to c^a ^Lf^T, 9 B ' ST requir6S that 30 intertace be P"**^ 

» testing. ,n addition StiSTSLTL'T " C0ntr0lter t0 each BIS ™ etemen, to wj,* 

One approach to providing Si^^S^!S^d^ 0, , lh • Si9natUre t0 "* 
Imptementation of Boundary-lean an^ST" Dv H n I* ? ♦ ^ '* deSCribed in *• paper " AS,C 
Sf/» /nremar/ona/ Custom t WcwleVtrmfr, r™, °* 6t *" pub,ished in 1,16 Proceedings of the 

• this paper. Schoiz et *^5^^^ "n'ted "ngdom, ,989. pp. 43,-43.9. .n 
finite-state machine, for initiatino self-tesL «, 2 t ? 5° , f S ° UrCe ,nterface Contro »^ (BRIC). typically a 
a test controller. At the cJS^SnJ ^"rI" 3 ' B,ST ' d ™ reSP ° nSe t0 3 Start si 9 nal from 
resu.t. which is stored (i.e.. J^h^tatt^BTC 9e " erateS ' t6St Si9n3tUre< indicative of the test 

■ «££2Z£^ S r ate BR,C " ^ d * eaCh B.SPd RAM. Thus, 

signature from the correspond^ BRIC Z 8R,C - « well as co.lection of the test 

controller must possess "hig deorce 1??* by 3 tb3f COntr °" er - " a result ' the ** 
' complexity and cost. 9 so P h| st'cation to carry out such tasks, thus increasing its 

of ^^^^^^^^ the selling of a p,ura,ity 

reduce the complexity of the test controller s, 9 natures of *• dements so as to 

Summary of the Inventio n 

RAM. ROM. FIFO. CAM and/or randorr fwfaSl^Ih T' ^ com P risin 9 ■ module such as a 
BuHNn se.f-test Resource .nteC^^ 

BlSFd element to initiate self-testing ^^S^^^! 3 ** COmrnand S ' 9na ' 10 each 
further includes at least one test reoister or ? ° tm * a * com P ri ^s a finite-state machine. 

combining test signatures from eTeZt, f ^ 31 16381 ^ *** 93te f0r ,0 9 ica,, V 

parallel. B ' STd elements t0 e "ab'e them to be simultaneously self-tested in 

digitL" SS^^~S^ ^IsT 7 3 bUi,t ' in Sel, - teSt — «• P-ided for a 

SBRICs serial.y coupled' in a d^sy c ^ n t Z s^tlJ^ ^ M * **** °' 

group or stage of BIST'd elements which ar! . L 3,0 S6rveS t0 initiate se,, "testing of a first 

the chain is responsive to a con^ stS Z*Z^ *° S8R ' C Para " el - Each successive SBR| C in 
se.Me S ting of the B.SPd * ?BR ' C the Chain ^ serves •«> Vitiate 

that the stages of elements Te te °^ ^ 9 SUCCeSS * e ^-^sociated with that SBR.C so 

storing the collective test s!gn u of « e S3tT1^?T 3 te3St ° ne teSt ^ ister ^ 

SBR.C. By virtue of the SBR.Cs being Z^IT^ St39e asS0Ciated witn •« 

latched into a corresponding SBrS is 1^122?^ * f ^ *" ° f each sta 9 e 

other SBRICs. Thus, the resultant , * Concatenated test signatures held by ihe 

resultant stnng of test s,gnatures held by the chain of SBRICs can be 
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advantageously shifted out using a technique such as boundary scan. 
Brief Description of the Drawing 

FIGURE 1 is a block schematic diagram of a portion of a digital circuit incorporating a built-in self-test 
network in accordance with the present invention; 

FIGURE 2 is a state diagram of a Standard. Built-in self-test Resource Interface Controller (SBRIC) 
composing part of the network of FIG. 1; and 
FIGURE 3 is a block schematic diagram of the SBRIC of FIG. 2. 

Detailed Description 

FIGURE 1 is a block schematic diagram of a digital circuit 10 comprised of a plurality of individual 
circuit elements 12, .12 2 .123...12 m where m is an integer S two. The elements 12, - 12 m are arranged in 
>s groups or stages 14,. 142. 14s ...14„ of two or more elements each where n is an integer i m. Each of the 
elements 12, - 12 m takes the form of a digital logic element, such as. for example, a RAM. ROM. CAM 
FIFO or Random Logic Element, which has a built-in. self-test capability. In other words, each of the 
elements 12, - I2 m is BISTd. The number and type of elements 12, - 12 m present in the circuit 10 is 
dependent on .ts function, and it should be understood that the circuit could include a larger or smaller 
number of elements, arranged the same or diffe/ently from those shown in FIG. 1. Additionally, the circuit 
10 may also include other types of elements (not shown) which are not BIST'd 

Generally self-testing of each of the BIST'd elements 12, - I2 m is carried out by applying a start BIST 
signa heremafter referred to as an SBIST signal, to each element. In response to the SBIST signal, each of 
the BIST d elements 12, - I2 m executes a self-testing routine in accordance with its particular structure. The 
25 results of the self-testing undertaken by each of the elements 12, - I2 m are reflected in the status of a flag 

21 Tlo !o t0 33 3 BIST " a9, within each element T yP ical| y- B| ST flag within each of the 
elements 12, - 12„ which is usually one bit wide, is set to zero for a -pass" condition (i.e.. a successful 
self-test) wh,le the flag is set to a binary one for a "fail" condition (i.e. an unsuccessful test). The status of 
h l B f ""jUT" 8 a . S 3 " test sianature " for that el ^ent. Once the BIST flag is set. each element 
generates a BIST complete signal, hereinafter referred to as the BC signal, indicating that the element has 
completed its BIST routine. 

Even though the BIST'd elements 12, - 12 m appear to have each undergone successful self-testing, one 
or more elements may be defective because its BIST flag is stuck at a binary zero (i.e.. the BIST flag 
erroneously indicates a successful test). To avoid a -false positive" test result, each of the elements 12, - 
I2 m is supplied with a BIST flag check signal, referred to as a BFC signal, at the completion of testing. The 
s,9nal serves t0 t0 99'e the BIST flag within each element. If the BIST flag toggles (i.e.. changes state) 
.n response to the BFC signal, then the test result, reflected by the state of the BIST flag within the element 
is indeed accurate. 

In accordance with the invention, control of the BIST function of the BIST'd elements 12, - 12 m within 
40 the circuit 10 is accomplished by a BIST control network 16. The network 16 is comprised of at least one 
• 3 . P I?! r ? y - 3 P ' Urality ° f - Standard BIST ^source Interface Controllers (SBRICs) 18, .18* I83 18„ 
each SBRIC controlling the BIST'd elements in a corresponding one of the stages 14, - 14„. respectively! 
As w,ll be d.scussed in greater detail below with respect to FIGS. 2 and 3. each of the SBRICs 18, - 18„ 
typically compnses a five-state, finite-state machine which initiates testing of those of the elements 18, - 
45 18„ in a corresponding stage by broadcasting an SBIST signal to the elements in that stage. Further, at the 
comp.et.on of testing, each of the SBRICs 18, - 18 n broadcasts a BFC signal to the elements in its 
corresponding stage to toggle the BIST flag in each element to check if the flag is stuck at a zero 

Each of the SBRICs 18, - 18„. in addition to supplying both the SBIST and BFC signals, also serves to 

<o ?RB,r I 651 Si n natU r? * the eleme " tS ' m ite corres P° n <« n 9 stage. The test 'signature is stored in each 
so SBRIC within a User Data Test Register (UTDR) 20. which, as will be described, typically takes the form of 

1 *" k PS - he UT ° R 20 eaCh of ■* S8RICs 18 ' * 18 » is seria »y ^upled with those of the 

other SBRICs in the network 16. In this way. the test signatures held by the SBRICs 18, - 18„ are 
concatenated and may be shifted out from the network 16 by a technique sue* as boundary scan. For 
example, in the network 16. the SBRICs 18, - 18„ are coupled so that the UTDR 20 of the first SBRIC 18, 
55 has its input coupled to a Test Data Output (TOO) of a boundary scan test controller 21 and the last SBRIC 
18„ has the output of its UTDR coupled to a Test Data Input (TDI) of the controller. In this way. the 
concatenated test signature held by the SBRICs 18, - 18„ can be shifted out to the boundary scan test 
controller by shifting a string of kn bits through the network 16 of SBRICs. where k i 1 and corresponds to 
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the number o V-flops per SBRIC (not shown). 

As described earlier, each of the SRRirc is io 
i = 1.2.3...n. comprises a n^ Q n^e^t l^TT* * ^ SBR,C ,8 ' whe ' e 

depicted in RG. 2. the five states* ^SSS^^S^J!^ " "** * Sh0Wn °" F,G " 2 " 
s FAIL state 26. a WAIT state 28 and a PaIs JZ STT *" * 3 S ' ST execufon state 24 - a 

IDLE state 22 of FIG. 2 during , J£ TOr?', outset of operation, the SBRIC 18, enters the 
22 for as .ong as either of two sigrTs ^™ in 
com P .ete.hereinafter referred to as ^s aTa bfnL Z^ ,0 " **' lnd SBR,C 18 ~ 

controlter 21 of FIG. 1 and is broadcast to me SB^R r ^ I* ^ RB * 98 " erated by lest 
»o binary zero to a binary one tnTS p? T"? ^ ^ °' 0,6 Si9nal RB from a 

elements 12, - 12 m in corresp^nlg £££ S,9 " a,S SBR ' C ,8 ' t0 initete «**«*8 ° f ■» 

As will become better understood by RG 3 'the sinnai <?Rr k u 
changes to a binary one level at the completion oVh,,!? ^ff*~V Wh ' Ch ' S 98nerated bv 1,16 SBR| C 18,-,. 
the same token, me SBRIC IsTwm geneSte ^ Wn^ n„ fT" 9 ° f ** etementS in "» ste9e 14 - B * 
« self-testing of the elements .n^SESi'S ?4 InTL 8 ' 9 " 3 ' * ^ e0mptolBd bui,N " 

18, - 18„ in the network 16 of FIG 1 i?S2L?^ ^ * ^ 8ucceedin 8 <™ of the SBRICs 
of its corresponding stage so that! 6 ™ n L^eTu " u * ^ 

When both the RB and SBC c^„ =l «. L me sra 9es 14, 14„ are self-tested in sequence. 

execution state 24° %£SZ j^ST s2 TcT 7™° 18 ' ^ B ' ST 

2 o elements 12, - I2 m within the stage 14- formal «Te S£> ,r " br ° adCaSt t0 th0Se of 1,16 

until such time as the elements within *"toto u L™ \ rema,nS " ^ B ' ST 8XeCUti ° n State 24 

level BF signal from any element in the staqe 14 rathlr^ln f V UP ° n r6Ceipt ° f 3 binar y one 

the elements in the stage. In practice the eLl^c ? ^ ™* ng Unt " com P ,etion of testing of all of 
the SBRICs is, - 18 m . Thus.^e ment wt^ Le 31 " ^ than 

a binary one level BF to indicate a fau! aT ITJh 9 ' V C ° mP ' ete " S BIST routine - 9 ene "te 
» zero BF signal, all well before SBR ^ h* ?*' "* B ' ST " a9 50 as to now generate a binary 
each completed their *«^J^^t£^ ^ «~ ete ™* ,n the stage ha^ 

it had been reset, the state of L BIST flaq would 22? J* 6 ' ST " a9 ° f the e,ement 12 < after 

actually failed. 9 ° U ' d re,,ect a pass condihon when, in fact, the element had 

■ '-mte^en!^ ~ — « when each of the BC signals 

BF = 0) . During the Wait state 28 the 58^18 nln , T BF **" * 3 2ero ,evel 0*. 

BIST f,ag e,ements within the cSCnJr^'H^^ ? n8 . ,eVe ' ^ Si9na ' t0 t0 "' e ,he 
Wait state 28. the SBRIC 18,- also generates a « , , Stuck - at - zero condi «on. While in the 

SBRIC 18,, in the network 6 JfSTTTwfi^^^ ^ **" * ^ *° " ext Successiv « 
0 14,.,. Mta - t0 ,n,t,ate ^""testing of the elements in its corresponding stage 

21 r J? f n 8 l S r ° l0 " 9 35 »° R B sign, supplied by the test controller 

testing of the elements in its cZs^ ^u '"^ bui,Wn se,f " 

16. the SBRIC 18,- waits for the RB signafto r^ol a k ^ ^ "** SBR,C 18 '" in "» network 

« have been sequenced. The SBRIC toZZ?^-^ oT°' WhiCh ° nCe 3,1 of ,he SBRIC s 

mentioned earlier, or the Pass state 30 ^ 11 h ^ 28 ^ either enters the Fail s ^ 26. as 

elements in the stage 14, wwing on the status of each of the BF signals from' the 

OnZ^J^j:^^^ ,he f BF Si9 " a,S ' S 3t 3 bi ^ - -e.. that is. BP = 0 
- entered. Conversely, i, the RB sl Q na ° is a blrv h* e ' ementS * ^ ,hen lhe s( ate 26 is 
stage I4 f are a binary one M^VJ^ZZ? ° f BF Si9na ' S fr0m the e,ements in 

entered. Once the SBRIC TeZT^er ZfZ ToT* ^ ^ ^ ^ ^ Pass state 30 ^ 
state until a reset ^^^1^7" ".^ PaSS State 30 - •» SBRIC remains in that 
20 are scanned out. arid the values co^oh ♦ u ' ' S aSSert9d - 0r un 1' the conten 's of the UTDR 
SBRIC 18,- returns to the M^^^V? * ^ 22 * e SC3nn ^ - hereafter, the 
-hen RB goes to zero. Further, the ^Je£1s^JT ^ ^ B ' ST 6XeCUti0n State 24 

RESET signal is applied. S e " ,ered ,rom other sta ^ when a logic one-level 
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Referring now toFIG. 3. there is shown a block schematic diagram of the SBRIC 18/ (the SBRICs being 
identically configured to each other). The SBRIC 18/ comprises three separate flip-flops 32,34 and 36. 
respectively, which collectively comprise UTDR 20 of FIG. 2. Each of the flip-flops 32.34. and 36 has its 
input supplied with output of a separate one of a set of multiplexers 38.40 and 42 respectively, each 
5 multiplexer being controlled by a signal SHIFTN generated by the test controller 21 of FIG. 1. The first input 
of the multiplexer 38 is supplied with a test signal from the TDO test controller 21 of FIG. 1 while the first 
input of each of the multiplexers 40 and 42 is supplied with the output signal of a separate one of the flip- 
flops 32 and 34. respectively. The output signal of the flip-flop 36 is coupled to the TDI of the test controller 
21. 

io The flip-flops 32,34. and 36 each generate a separate one of a set of output signals SO. S1 and S2. 
respectively, referred as state signals, which are supplied to a combinational logic block 44. The logic block 
44 is also supplied with the RB signal from the test controller 21 of FIG. 1 and the signal S0C*-i from the 
SBRIC 18hi (not shown). Additionally, the logic block 44 is supplied with the output of an OR gate 46 and 
the output of each of a pair of AND gates 48 and 50. The OR and AND gates 46 and 48 serve to logically 

/5 OR and AND the BF and BC signals, respectively, generated by the elements (not shown) in the 
corresponding stage 14, (not shown) controlled by the SBRIC 18,. The AND gate 50 serves to logically AND 
all the BF signals to determine whether all the BIST flags change state during the BIST flag check. For ease 
of reference the output signals of the OR gate 46 and the AND gates 48 and 50 are designated by the 
terms BP.BC and BF". respectively. 

20 The combinational logic block 44 is typically comprised of a network of individual gates (not shown) 
which is supplied at its inputs with the signals S6, S1, S2. RB, SBC h i and the output signals of the gates 
46.48 and 50. In response to the signals at its inputs, the combinational logic block 44 generates the signals 
SBIST and BFC. Also, the block generates a set of signals NS0. NS1, and NS2 which are each supplied to 
the second input of a corresponding one of the multiplexers 32,34 and 36. During self-testing, the SHFTN 

25 signal is held at a binary zero so that the multiplexers 32,34 and 36 pass a separate one of the signals NS0. 
NS1 and NS2 to a respective one of the flip-flops 32.34 and 36. respectively. 

To better understand the relationship between the input signals supplied to the combinational logic 
block 44, and the output signals generated thereby, reference should be had to Table 1 below which 
contains two separate sets of entries divided by a vertical double line. 

30 

TABLE I 





Current State 


RB 


SBQ-1 


BF' 


BC 


BF" 


Next State 


SBIST 


BFC 


SBd 


35 


Idle 22(1) 


0 


X 


X 


X 


X 


Idle 22 


0 


0 


0 




Idle 22{2y 


X 


0 


X 


X 


X 


Idle 22 


0 


0 


0 




Idle 22(3) 


1 


1 


X 


X 


X 


BIST Ex. 24 


0 


0 


0 




BIST Ex. 24(1) 


0 


X 


X 


X 


X 


Idle 22 


0 


0 


0 




BIST Ex. 24(2) 


1 


X 


X 


0 


X 


BIST Ex. 24 


1 


0 


0 


40 


BIST Ex. 24(3) 


1 


X 


0 


1 


X 


Wait 28 


1 


0 


0 




BIST Ex. 24(4) 


1 


X 


1 


X 


X 


Fail 26(1) 


1 


0 


0 




Wait 28(1) 


1 


X 


X 


X 


X 


Wait 28 


1 


' 1 


1 




Wait 28(2) 


0 


X 


X 


X 


0 


Fail 26(2) 


1 


1 


1 




Wait 28(3) 


0 


X 


X 


X 


1 


Pass 30 


1 


1 


1 


45 


Fail 26(1) 


X 


X 


X 


X 


X 


Fail 26(4) 


1 




1 




Pass 30(1) 


X 


X 


X 


X 


X 


Pass 30 


1 


1 


1 



The left-hand set of entries in Table 1 indicates the relationship between each of the five presently active 
states of the SBRIC 18, (Idle, BIST execution. Wait. Fail and Pass) and the status of each of the input 
signals RB. SB&-1. BP. BC and BF" to the logic block 44 during each state. 

For each current state of the SBRIC 18,. represented by an entry in the Ifeft-hand side of Table I. there 
is a corresponding entry in the right-hand side of the table. Each entry in the right-hand side of the table 
represents the next state of the SBRIC that immediately follows the current state $the ^eft-hand entry), and 
the state of the output signals, BIST, BFC and SBd for that next state- 
As an example, at the outset of self-testing, the RB signal from the test controller is a binary zero, so 
that the SBRIC 18, is in the Idle state 22(1). as indicated by the first entry in the left-hand part of Table I. 
The status of the SBC,., signal, and the signals BP. BC 1 and BF". from the OR gate 46 and the AND gates 
48 and 50. respectively, are not of concern and therefore are depicted in the left-hand portion of Table I as 
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don't-care 
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25 



>^^alues. From the Idle state r>?/n »h a ~ k 5f 

*e Id.e state 22(1,. at which time f g ^ -^c^' *° SBR ' C « 8 ' following „ 

block 44 are each a binary zero. This state of ! 5flC ' pr ° duCed by the combinational tog. 

SBRIC 18, remains in the Idle state S) t as - *" d6SCrib8d in ™- 2 *» ft 

Now consider when the SBRIC ZsZZ £ S^"* ° B SflC - ' is a binary 

RB and BP are each a binary one a*d £7c TsBC LZ tl?*"**™ * m Whi,e *• 
BIST execution state 24 (4). the next ^t^t^TC^n? ^ F ™ 

SB 1ST s.gnal ,s at a binary one. while BFC andSBC In TJ * ™ *** * «™ 

state of affairs is consistent with that denied ;„ •=.« , ' 9 ^ e each maintai ned at a binary zero. Thi; 
•nd.cates a failure in the testing of one or more of m« 1 J* PreSe " Ce °' 3 one l9vel BP signa 

At the completion of self-tL.no n ! Z? 1 elements in the stage 14, 9 
2). the SHFTN signal chafes £? ^1 ? f Z° ,8 ' * ™ 3 remains in *• U. state 22 of FIG 
bits supplied at the TDI of the SBR.cTZ Z ^ ^ SHFTN ^ chanoes • *£H 

"■>flo P s 32.34. and 36 of FIG. 3 to shii outTe com * °' ^ 1 «" 06 Shifted t£ 

which is held by these f.ip-f to ps 6 COmpOS ' te teSt si 9" ature * «- elements in the stage 14 

22 unToTdilT y SET ^ iS ~ « (RESET = 1), me S BR, C 18,- wi.l be forced to enter the IDLE state 

The foregoing describes a network ifi ™ ^ , 

controHers ,8, - ,8„ for controlling* se tesZ offn, T ? B,ST res ^e interface 

« is to be understood that the abo^eS 3& f ^ e ' ementS ,2 ' ' 12 «" 
the invention. Various modifications and XSZSfZTST? I ^ mere ' y i,,UStrative of ,h * P™ciples of 
embody the principles of the invention andtfw^ ski,ted in *• art which wi„ 

For example, each SBRIC 18 in t»» T . P d scope thereof, 

composite test signature obtained 'by ^cl ovL^T'* b " n C ° nf, ' 9Ured to store a *>Q* 
corresponding stage 14, Rather trJn sTore a Sn2J?,^ S ' 9natUreS °' ^ individua, e,8men * » the 
mod.hed to store a mu,ti-bit test signal wTStt" "* SBR,C 18 ' couW — «r be 

separate element in the stage. 6aCh b,t re P'esent.ng the individual test signature of a 
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4. 



55 



srcsr^ rr^ -™* «* - ^ r AMS , fos 

CHARACTERIZED IN THAT- ' haVm9 Bu,,Wn ' Se,f - T e* (B.ST, capability, said network 

•~rs~ {i8 ' > is — - a «—* - » — 

arcuit e.ement in paraHe. *cm~?%^£^\** Command «** is broadcast to the 
element to generate a test signature, and each SBmc Jo T ^ to cau «e the 

by the curciut elements fo.low^ng se^testing " 9 the C0,,eCtive test siQna «" r es generated 

* co^sr: ssr™ by a p,u ^ - sbr ^ - ^ 

se.f-tes ti ng of a group of "circ!^ ^BRIC in the chain foMnSg' 

set l uen ce. e ements 50 mat »e groups of circuit elements are self-tested in 

^:^rxr 6r s~ ,N that °* h serac 

coup, M „ ^ seR , c , „ initi ^ ( !J2 g a 1 ^ °' * e d,C * etem « s - •«* » 

The ; S"s:^r° in that ^ «^<~ 

*™«s. and (c) generating 9 , segTS,„ 2„??f ,e ' ndlcat,ve °« »» •« of me 

opera,™ a „ ate se „ 0( £~ ° successive SBRIC in »» c h»„ 
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logic gate means (46.48.50) coupled to said circuit elements for logically combining the individual 
test signatures of the circuit elements to yield a composite signature supplied to the finite-state 
machine for storage. 

5 5. The network according to claim 3 CHARACTERIZED IN THAT the finite-state machine comprises: 

first, second and third flip-flops (32.34,36) coupled in daisy chain fashion such that the first and 
second flip-flops each have their output coupled to the input of a separate one of the second and third 
flip-flops, respectively, each of the first, second and third flip-flops generating separate first' second and 
third state signals, respectively, in accordance with the signal at the input of each flip- flop; and 

io a logic block (44) responsive to the first, second and third state signals from the first, second and 

third flip-flops, respectively, and responsive to a sequence signal generated by a preceding SBRIC in a 
chain of SBRICs for generating the test command signal supplied to an associated group of circuit 
elements, and in response to a composite test signature from said circuit elements, said logic block 
generating a sequence signal supplied to a successive SBRIC in the chain of SBRICs. and generating 

;s separate first, second and third next-state signals supplied to the input of a separate one of the first, 
second and third flip-flops, respectively. 

6. A method for controlling self-testing of a plurality of circuit elements (12i - 12 m ). such as ROMs, RAMs. 
FIFOs. CAMs and/or random logic elements, each having built-in self-testing capability, CHARACTER- 
20 I2EO BY the steps of: # 

broadcasting a test command to each of the circuit elements (12i - 12 m ) in parallel to initiate self- 
testing thereof so that each circuit element generates a test signature: and 
storing the test signatures of the elements following the self-testing thereof. 

25 7. The method according to claim 6 CHARACTERIZED BY the step of logically combining the test 
signatures of the circuit elements to yield a single composite test signature. 

8. A method for controlling self-testing of a plurality of groups (14i - 14 n ) of circuit elements (12i - 12 m ), 
such as ROMs, RAMs. FIFOS. CAMs and/or randon logic elements, each having built-in self-testing 

30 capability. CHARACTERIZED BY the steps of: 

broadcasting a test command to each group of circuit elements in sequence to initiate self-testing 
thereof so that the circuit elements in the group generate a test signature; 

storing the test signatures of the circuit elements following testing in a separate one of a chain of 
serially connected test registers associated with the elements; and 
35 generating a sequencing signal to initiate self-testing of a successive group of circuit elements 

following receipt of the group of elements just tested. 

9. The method according to claim 8 CHARACTERIZED IN THAT the test signatures are read from the 
chain of test registers by shifting a stream of bits therethrough. 

40 

^ 10. The method according to claim 8 CHARACTERIZED IN THAT the test signatures generated by each 
group of circuit elements are logically combined to yield a composite test signature for storage in the 
test register. 
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